While the grape has been classified as a non-climacteric fruit whose ripening is 3 thought to be ethylene independent, we show here that a transient increase of endogenous 4 ethylene production occurs just before veraison (i.e. inception of ripening). We observed that 5 ethylene perception, at this time, is required for at least the increase of berry diameter, the 6 decrease of berry acidity and anthocyanin accumulation in the ripening berries; these latter 7 experiments were performed with 1-methylcyclopropene, a specific inhibitor of ethylene 8 receptors. The potential roles of ethylene in berry development and ripening are discussed. 9 10
Introduction 1 2
Three facts led us to check the influence of endogenous ethylene and active receptors 3 in development and ripening phases of grape berries: (i) earlier observations showing that 4 grape ripening can be either inhibited or promoted by exogenous ethylene, depending on the 5 application time over the berry development period (Hale et al. 1970 with ethylene responses (Giovannoni, 2001 ). The classification of grapes as non-climacteric 13 fruit was mainly due to a set of data showing only weak changes in endogenous ethylene 14 levels around veraison (Coombe and Hale, 1973 ), a development stage at which grape berries 15 start to loose their acidity and to redden, in the case of red cultivars, among other biochemical 16 changes. Indeed, Coombe and Hale (1973) and Alleweldt and Koch (1977) found that the 17 amounts of endogenous ethylene produced by grapes were quite small when expressed as a 18 concentration per volume of internal gas (less than 0.5 µl.l -1 ), but when expressed as a 19 concentration per weight of tissue, then an ethylene burst was clearly observable around 20
veraison (Alleweldt and Koch, 1977) . However in this latter study, the peak was made of one 21 point only (one date at which the ethylene production rose), and the fruit was incubated for 22 one hour under partial vacuum, an excessive period of time over which some of the ethylene 23 collected could be a part of plant responses to vacuum. was applied at various times following full bloom, for a 24 hour period, in a polyethylene bag 7 wrapped around the cluster, at an initial concentration of 4 µl.l -1 . Control clusters were 8 wrapped into plastic bags for 24 h. For these experiments, clusters growing in a shaded area 9 of the vines were chosen to avoid direct exposure to sunlight and overheating associated with 10 such a treatment. After the 24 hour periods of treatment, the clusters were sampled and 11 assayed immediately for ACO activity and juice acidity or stored at -80°C. 12 13
Measurement of internal ethylene 14
The internal ethylene was assessed according to Coombe and Hale (1973) . Briefly, 15 control whole clusters that had not been incubated in plastic bags, weighing a total of 150 g 16 approximately, were placed in a bowl filled with a NaCl solution at saturation, under an 17 inverted funnel with an exhaust blocked by a rubber septum. The air remaining in the funnel 18 exhaust was taken out with a syringe. Then the bowl was incubated under a partial vacuum of 19 -700 mm Hg for 5 min, in a freeze-dryer chamber. After returning to atmospheric pressure 20 one ml of the internal atmopshere caught in the funnel under the septum was sampled with a 21 syringe and injected in a gas chromatograph. 22 The in vivo ACO activity was assayed using one gram FW of berry halves for 1.2 ml 2 of in vivo buffer described by Pretel et al. (1995) , with the following modifications: Tris-HCl 3 0.5M, pH 7 and mannitol 0.35 M. The berry content of 1-aminocyclopropane-1-carboxylic 4 acid (ACC) was assayed according to Mansour et al. (1986) 
Northern blot analysis 7
Northern blots were performed according Boss et al. (1996) . The corresponding 8 cDNA probe was obtained from genomic grape DNA using sequences with GenBank 9 accession number AY211549. The probe matched a 255 bp sequence of the coding region at 10 the 3' end. 11 12
Assessment of berry growth, acidity of the juice and anthocyanin content of the skin 13
The diameter was assessed using callipers as described by Coombe (1992) . The 14 titratable acidity of the juice was measured with 0.1 N NaOH up to pH 7. The total 15 anthocyanin content was assayed according to Boss et al. (1996) , and converted to malvidin-16 3-glucoside equivalents using a ε of 28,000 Mol an 1-aminocyclopropane-1-carboxylic acid oxidase (ACO), the last enzyme in the ethylene 10 production pathway, and both matched the occurrence of the ethylene peak. Additionally, the 11 pre-veraison ethylene peak was observed over two consecutive years, in irrigated and non-12 irrigated Cabernet Sauvignon vineyards, one with 110 Richter and the second with 3309 13
Couderc rootstocks. However, the peak was more or less advanced depending on the climatic 14 conditions of the preceding month in each year (data not shown), and we reproduce here the 15 data of one year only. Additionally, the content of total 1-aminocyclopropane-1-carboxylic 16 acid (ACC), the immediate precursor of ethylene, including conjugated and free forms, 17 reached levels that were 20 times higher than those of the free form alone (Figure 1c ). This 18 means that most of the ACC was malonylated, and suggests that in grapes the competition for 19 ACC between ACO and ACC malonyl transferase described previously (Mansour et al., 20 1986) , is in favour of the latter. The levels of total ACC reached approximately 5 nmoles of 21 per gram of fresh weight at veraison, 1000 times greater than the levels of ethylene 22 production, suggesting that the ACC production was not limiting. This high ACC content in 23 grapes had already been noticed in a previous work (Mizutani et al., 1988) . The slight delay 24 between the ethylene peak (week 7) and the ACC peak (week 8) can be explained by the time In order to check whether this temporary rise in ethylene production has some 6 physiological importance on grape ripening, we blocked ethylene receptors with 1-MCP at 7 different times around the expected ethylene peak (i.e. 5 to 9 weeks after full bloom). 1-MCP 8 is a gas at ambient temperature and atmospheric pressure; it has been described as an MCP at 6, 7 and 8 weeks after full bloom had higher acidity levels than untreated controls 22 when harvested at 13 weeks post bloom. The strongest MCP effects were seen for treatments 23 that corresponded with the timing of the endogenous ethylene peak. At this time of berry 24 development, the decrease in juice acidity is explained mainly by the decrease of the malic 25 8 acid concentration (Ollat et al., 2002) . This decrease can be itself induced by ethylene as part 1 of the increased respiration known to be triggered by this phytohormone even in non-2 climacteric tissues (Abeles et al., 1992). Indeed, Saulnier-Blache and Bruzeau (1967) showed 3 that several grape cultivars underwent an increase in CO 2 evolution at veraison that could be 4 part of a respiratory burst. It was associated to a lesser extent with a rise in O 2 uptake. This 5 respiratory rise lasted for at least a fortnight following veraison (after which the 6 measurements were stopped), and it seems to match the period of acidity drop of the berry 7 juice. Other authors have suggested that malic enzyme could also be activated at veraison and 8 be part of malate catabolism (Ollat et al., 2002) , and this enzyme has also been shown to be 9 inducible by ethylene in ripening fruit (Mamedov et al., 1997) . Moreover, the transport of 10 organic acids within cell compartments is obviously involved in acid metabolism (Terrier and 11 Romieu, 2001 ) and this transport may be modulated by ethylene signals (Schmidt et al., 12 2003). However, it cannot be ruled out that the sustained acidity (Fig. 2b) could simply  13 result from the inhibited fruit expansion (Fig. 2a) . because the time at which the sensitivity to 1-MCP is maximal depends on the climate in the 25 month following bloom, that also impacts on the ethylene peak. In these experiments (Figure  1 2), the berries were picked a few weeks before harvest as we noticed in preliminary trials that 2 treated grapes can overcome the 1-MCP inhibition of ripening as time goes by, may be 3 Figure 1
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